Human immunodeficiency virus 1 (HIV-1) has been shown to be associated with acquired immunodeficiency syndrome (AIDS) in humans. This virus can be isolated from patients with AIDS and with AIDS-related complex (1) (2) (3) . Human peripheral T cells and macrophages, as well as continuous human T-cell, B-cell, and macrophage lines, are susceptible to HIV-1 infection (4) (5) (6) . Therefore, the pathology of HIV-1 infection in vivo and the cellular tropism in vitro support the implication of this virus in this disease.
A stumbling block to an understanding of the HIV-1 infection process and to the development of suitable vaccines has been the lack of an animal model for this agent (7) . Although models using related viruses have been proposed for a variety of animal species, attempts to infect laboratory animals with HIV-1 have not been successful (8) . Only the chimpanzee has been reported to be susceptible to HIV-1 infection, but even in this model no consistent disease symptoms are observed (9) (10) (11) . In addition, the accessibility and handling of this endangered species limits its utility. In vitro experiments have shown that cells from certain primates that express the CD4 marker can be infected with HIV-1 (12) .
This report presents evidence for the infection of two rabbit T-cell lines and a rabbit macrophage line with HIV-1. Sequential samples of the infected cultures were tested and shown to be positive for viral protein and RNA. The susceptible lines were shown to be of rabbit origin by studies at the nucleic acid level and by cell surface markers. These results suggest that, with appropriate manipulation, the rabbit may provide an experimental model for infection with HIV-1.
MATERIALS AND METHODS
Cell Lines. The rabbit cell lines used were as follows: RL-5 is a T-cell line obtained by transformation with herpesvirus ateles (13) ; 446 is a T-cell line transformed with human T-cell leukemia virus I (HTLV-I) and was a gift from A. Seto (Kyoto University); 6083 is a macrophage line transformed with simian virus 40 (SV40) (14) ; 5943 and 6057 are adenocarcinoma lines derived from breast tumors at autopsy; UTfib is a uterine fibroma derived from a surgical specimen; Yc/c LIV liver fibroblasts and R-2 spleen fibroblasts were derived from normal rabbit tissue. All rabbit lines were maintained in RPMI 1640 medium containing 10% fetal bovine serum and supplemented with glutamine (2 mM), penicillin (1.0 unit/ml), and streptomycin (100 .ag/ml). Human T-cell lines SupT1 (15) and A3.01 (16) were maintained in RPMI 1640 with 10% fetal bovine serum. Rabbit peripheral blood lymphocytes (PBLs) were isolated on Ficoll/Hypaque by published methods (14) . PBLs were activated by incubation in medium containing Con A (10 pug/ml), phytohemagglutinin (20 (19) . Samples (5 ,ug) of glyoxalated RNA were electrophoresed in a 1% agarose gel in 0.1 M sodium phosphate buffer (pH 7.2) and blotted onto a nitrocellulose filter (20) . Filters were dried and baked for 2 hr at 80'C and then prehybridized at 420C for 16 hr. Probes were nick-translated with [a-32P]dCTP and added to the filter in hybridization mixture and incubated for 18 hr at 420C. After several washes in 2 x SSC (0.3 M NaCl/0.03 M sodium citrate, pH 7) at room temperature, the filters were washed twice in 1 x SSC at 520C.
Immune Blot Analyses. Cultures were harvested at various times after infection. After washing with culture medium, 108 cells were pelleted in a microcentrifuge tube and 100 jul of lysis buffer was added with vortex mixing. Samples were placed on ice for 15 min and then centrifuged, and the supernatant was taken for electrophoresis. Lysis buffer was 50 mM Tris-HCI, pH 8.0/5 mM EDTA/100 mM NaCl containing 0.5% (wt/vol) 3-[3-cholamidopropyl)dimethylammonio]-1-propanesulfonate (CHAPS; Calbiochem) and 2% (wt/vol) deoxycholate (Sigma). Proteins were separated by electrophoresis in a NaDodSO4/polyacrylamide gel (3-27% acrylamide gradient; Tris buffer system), transferred to nitrocellulose, and allowed to react with an AIDS patient serum. 125I-labeled protein A was then used to detect immunoreactive proteins. Filters were dried and exposed to XAR-2 films with an intensifying screen at -70°C. A lysate obtained from a HIV-1-infected human T-cell culture (A3.01) was used as a positive control.
RESULTS
Initial attempts to carry out HIV-1 infection in rabbit cells used two previously established rabbit T-cell lines. One of these lines, RL-5, is a herpesvirus ateles transformant that has been shown to be a T-cell line by numerous serologic and molecular criteria (20) (21) (22) (23) . The other, 446, is an HTLV-I transformant (24) (25) (26) that is not as well characterized but has certain T-cell characteristics. Both cell lines produce RNA transcripts that cross-hybridize with a probe specific for sequences encoding human CD4 (H.K., M. C. Rebiere, D. English, and T.J.K., unpublished data). The RL-5 and 446 lines were infected with a high-titered HIV stock by a modification of a standard in vitro infection protocol (16) . Cell-free supernatants were monitored daily for reverse transcriptase activity (18) (Fig. 1A) . Reverse transcriptase activity began to rise in both T-cell lines 7-10 days after infection, peaked at =14 days after infection, and then declined. The time of occurrence and the magnitude of the activity varied somewhat from infection to infection depending on the viral stock used, but all attempts to infect RL-5 and 446 have thus far been successful. No reverse transcriptase activity was detected in mock-infected cultures of RL-5 or 446 cells.
Cell-free culture supernatants collected at the time of peak reverse transcriptase activity from HIV-infected rabbit cells were tested for the ability to infect a highly susceptible human T-cell line, SupT1 (17) . A 1000-fold increase in reverse transcriptase activity was detected in SupT1 cultures after incubation with RL-5 or 446-derived supernatants (Fig. 1B) . Formation of syncytia was observed just before the time of peak reverse transcriptase activity. No reverse transcriptase activity was detected in SupTl cultures incubated with supernatants from mock-infected rabbit T cells.
Attempts were made to infect other continuous rabbit cell lines and cultures of lymphoid and nonlymphoid origin (Table   A   200 In subsequent large-scale infections, the relationship among reverse transcriptase activity, cell viability, and immunoreactivity with an AIDS patient serum by indirect immunofluorescence and immunoblot analysis was examined. RNA was isolated from these infected cells for gel blot analysis. Data from these infections show that for RL-5 and 446 the number of viable cells fell dramatically just before 4456 Immunology: Kulaga et al. peak reverse transcriptase activity (Fig. 2) . Positive immunofluorescence was observed for cells in the HIV-infected cultures before peak values of reverse transcriptase activity; the highest percentage of antibody-reactive cells (approaching 50%) occurred just before the time of peak reverse transcriptase activity. Lowest values for cell viability coincided with peak values of reverse transcriptase activity. Syncytia were not observed in these rabbit T-cell cultures.
Total cellular RNA was prepared from HIV-infected RL-5 cultures at days 7, 11, and 18 postinfection ( Fig. 2A) . RNA preparations from mock-infected and HIV-infected cells were then examined by gel blot hybridization with a 6.5-kilobase (kb) cloned HIV DNA fragment, pBENN-5, that includes the entire HIV proviral genome except for the 3' open reading frame (B gene) and long terminal repeats (16, 27) . Viral transcripts were detected as early as 7 days after infection (Fig. 3) , before reverse transcriptase activity was detectable above background. Five reactive RNA species were seen on day 11, at which time reverse transcriptase activity begins to approach peak levels. These included the full-length 9.1-kb viral genomic RNA and four subgenomic RNA species of 5.5, 5.0, 4.3, and 1.8 kb (28) . Viral messages were barely detectable by day 18 postinfection, at which point reverse transcriptase activity was well below peak values.
To determine whether HIV proteins were translated and processed in infected rabbit cultures, cell lysates were subjected to immunoblot analyses. Lysates were prepared from infected RL-5 and 6083 cultures at various times after infection; reverse transcriptase activity in RL-5 cultures reached peak values in this experiment on about day 9 (6083 cultures are reverse transcriptase-negative). Lysates derived from RL-5 or 6083 infected with HIV were positive for viral proteins when immunoblotted with AIDS patient serum (Fig.  4) , and similar proteins were not present in lysates from mock-infected cells (data not shown). A positive-control lysate (A3.01) contained all immunoreactive proteins identified by the serum used (Fig. 4A, left lane) . The data shown represent two different autoradiographic exposure times of the same immunoblot. A culture ofA3.01 infected at the same time as the rabbit cells was sampled on the same days as 6083 and RL-5. There was perfect correspondence between the sizes of immunoreactive polypeptides detected in the human and rabbit cell lysates, although the human cell line appeared to produce higher levels of viral proteins. Bands corresponding to p18, p24, gp41, p55, p64, and gpl20 were readily detectable in HIV-infected rabbit cell lysates, indicating that cultures. Reverse transcriptase activity (o) was determined as described for Fig. 1 and the number ( x 10-S) of viable cells per ml (n) was determined by trypan blue exclusion. The percentage ofcells positive by immunofluorescence was estimated: -, <10o reactivity with AIDS patient serum; +, 10%o; + +, 25%; and + + +, 50%. synthesis and processing of viral proteins occur in the rabbit cell lines (29) .
DISCUSSION
The results indicate that, unlike cells from other nonprimate experimental animal systems, at least two rabbit T-cell lines and one rabbit macrophage cell line are susceptible to HIV infection in vitro. With the exception of the macrophage cell line, 6083, attempts to infect continuous rabbit cell lines of nonlymphoid origin as well as PBL cultures were not successful. Verification that the cell lines RL-5, 446, and 6083 are of rabbit origin was given by reactivity with rabbit-specific antibodies. RL-5 has been characterized extensively with respect to the presence and expression of immunoglobulin, major histocompatibility, and T-cell antigen-receptor genes (20) (21) (22) (23) . The macrophage line 6083 has likewise been investigated extensively in this laboratory with regard to derivation and lineage (14) . Fig. 2A ) and subjected to electrophoresis followed by blot hybridization with HIV probe (pBENN 5, a 6.5-kb fragment from a HindIll digest) (17, 28) . Sizes (kb) of HIV RNA species were estimated by comparison with 28S and 18S ribosomal subunits of RNA subjected to electrophoresis in the same gels. RNA from HIV-infected human T-cell line A3.01 was included as positive control (pos con) and RNA from mock-infected RL-5 was included as negative control (mock).
with a probe for the human Alu repeat sequence (data not shown) (30) .
It is of interest that the majority of cellular prerequisites necessary for productive infection are similar for rabbit and human cells. For example, HIV has been shown to be predominantly T-cell-or macrophage/monocyte-tropic for replication in the human and appears to be so in the rabbit. In addition, the transforming viruses for the RL-5, 446, and 6083 cell lines-herpesvirus ateles, HTLV-I, and SV40, respectively-belong to viral families that have been shown to up-regulate HIV production in human systems (31, 32) . Events that occur after HIV infection of rabbit T-cell cultures, such as appearance of reverse transcriptase activity, viral RNA production, decreased cell viability, and positive immunofluorescence, are similar to those seen in human infections (16) .
Levels of reverse transcriptase activity ==3 times background (as opposed to 30 times background in Figs. 1 and 2) were detected when rabbit cell-derived HIV stocks were passed back to Fig. 4; see ref. 29 ), this cell line may be producing an inhibitor of the enzyme rather than causing production of defective virus.
The observation of HIV infection of rabbit-T cell lines opens the possibility that in vivo infection of this species may be accomplished. Rabbit T cells transformed with herpesvirus ateles or HTLV-I and a macrophage line transformed by SV40 are permissive to infection with HIV. It has been reported that HTLV-I-transformed human T-cell lines are highly susceptible to HIV infection in vitro (34) . Rabbits can be routinely infected with HTLV-I, and T-cell lines such as 446 can be cultured from their blood (24) (25) (26) . In our hands, five of five rabbits injected with a human HTLV-I-producing cell line contained serum antibodies to HTLV-L within 2 months. If in vivo infection of HTLV-I-positive rabbits with HIV-1 proves successful, such animals would provide a model of great value for vaccine trials and for drug testing.
